Aims-(1) To examine the relation between neurological soft signs and measures of cognition, coordination, and behaviour in mainstream schoolchildren. (2) To determine whether high soft sign scores may predict children with significant problems in other areas. Methods-A total of 169 children aged between 8 and 13 years from mainstream schools were assessed. They form part of a larger study into the outcome of meningococcal disease in childhood. Half had previous meningococcal disease and half were controls. Assessment involved measurement of six soft signs followed by assessment of motor skills (movement ABC), cognitive function (WISC-III), and behaviour (Conners' Rating Scales). Results-Children having an age corrected soft sign score above the 90th centile were considered to have an excess of soft signs. When compared to the other children they had significantly worse scores on the other three measures. Median movement ABC score was 15.3 v 7. Mean total IQ scores were lower by 10.3 points. Median behaviour scores were significantly higher on both parental and teacher questionnaires. A soft sign score above the 90th centile had a sensitivity of 38% for detecting cognitive impairment, 42% for detecting coordination problems, and 25% for detecting possible attention deficit hyperactivity disorder. Conclusion-In this group of children higher scores on the soft sign battery were related to significantly worse performance on measures of cognition, coordination, and behaviour. However, although soft sign assessment may be of interest it cannot accurately predict which children are likely to have impairment in other areas. (Arch Dis Child 2001;85:371-374) 
Paediatricians in the UK are increasingly being asked to assess children in mainstream school who are not performing as well as their peers. DiVerential diagnoses include developmental coordination disorder, specific or general learning diYculties, and behaviour problems such as attention deficit hyperactivity disorder (ADHD). Frequently children may have problems in all three areas. Neurological examination is usually normal and subsequent assessment is time consuming and may involve multiple agencies such as education, occupational therapy, and child and adolescent psychiatry. Are there any tests that a paediatrician may use to predict which children have significant problems?
Neurological soft signs (NSS) may be defined as minor abnormalities in the neurological examination in the absence of other features of fixed or transient neurological disorder. 1 They have been associated with behaviour, 1 2 coordination, 3 and learning diYculties. 4 Other authors believe they represent a developmental lag rather than a fixed abnormality. 5 Studies have found a high incidence of soft signs in children following premature 6 or low birthweight 7 birth, meningitis, 8 and malnutrition. 9 10 There are a number of soft sign batteries published that include tests of sensory function, coordination, motor speed, and abnormal or associated movements. 11 12 Some have been validated and tested longitudinally. [12] [13] [14] Tests may be performed quickly in the clinic situation and do not require special equipment.
We aim firstly to examine the associations between NSS and measures of cognitive ability, motor performance, and behaviour in a group of mainstream school children; and secondly to determine whether NSSs may be used to predict significant problems in other areas.
Methods

SUBJECTS
A total of 169 children, aged between 8 and 13, attending mainstream school in Merseyside were assessed. They were part of a larger study into the neurodevelopmental outcomes of meningococcal disease (MCD) in childhood. Half had suVered previous MCD and half were controls.
ASSESSMENTS
These took place at the Royal Liverpool Children's Hospital (RLCH) or at school, depending on preference. All tests were performed by the research fellow following appropriate training. Written consent was obtained prior to testing. Approval was gained from the RLCH and local research and ethics committees. Testing took approximately 1.5 hours to complete and was performed in the same order throughout.
Neurological examination
A standardised neurological examination of cranial and peripheral systems was performed including assessment of power, tone, and reflexes. Any children with focal neurological signs were excluded from the soft sign analysis.
Soft sign assessment
Six neurological soft signs were assessed following the protocol devised by Shafer and colleagues. 12 The signs assessed were stereognosis, graphaesthesia, dysdiadokokinesis, mirror movements, motor speed, and involuntary movements. For each subject scores were obtained for each individual soft sign and a total summary score was calculated. High scores indicate more soft signs.
The Movement ABC 15
This is a battery of tests designed to assess motor and coordination skills in children. The test involves eight tests of motor function (three of manual dexterity, two of ball skills, and three of static and dynamic balance). The battery is age standardised and results in an overall impairment score between 0 and 40, with high scores indicating poorer function. Scores above the 95th centile are considered to indicate definite motor problems. 16 The first eight subtests of the WISC-III UK were administered. Verbal (VIQ), performance (PIQ), and total IQ (TIQ) scores were calculated and expressed as standardised scores (mean 100, SD 15).
Test of visual-motor integration (VMI) 17
This test evaluates the ability to copy a sequence of geometric forms of increasing complexity. Raw scores are age corrected and expressed as standardised scores (mean 100, SD 15).
Behaviour
The long form of Conners' Rating Scales, Revised (CRS-R) 18 was administered to the child's parent/guardian and to their teacher. These scales are designed to assess ADHD and related behavioural problems. The questions relate directly to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM IV). Age standardised t scores (mean 50, SD 10) are produced for each behaviour type, with scores over 70 indicating a possible problem.
Demographics
In addition to the behaviour scales, parents completed demographic questionnaires to determine social class, family size, and type of housing (owned/rented) for each case.
STATISTICAL ANALYSIS
Age adjusted total soft sign scores were calculated for each case. Subjects with scores above the 90th centile were considered to have an excess of soft signs. Bivariate analysis compared these cases to the remainder using either the t test for independent samples or the Mann-Whitney U test, depending upon the level of data. Analysis was performed on SPSS. Table 1 summarises the raw soft sign data available. The sensory soft signs (stereognosis and graphaesthesia) were rarely present and have lower correlations to total soft sign score. Involuntary movements were also rarely seen, but when present correlated highly with total score. Total soft signs scores were inversely related to age in a linear fashion (Pearson coefficient −0.4, p = 0.01). Scores were therefore age corrected using linear regression. Figure 1 shows a histogram of corrected soft sign scores. Soft sign scores up to 3.5 were normally distributed. Cases with scores greater than 3.5 were considered to have an excess of soft signs (n = 18, 10% of total). There were no significant demographic diVerences in terms of social class, family size, and type of housing between those with high and normal soft sign scores. Soft sign score significantly higher on all three subsets and total score on the movement ABC. The Pearson correlation coeYcient between movement ABC score and soft sign score was 0.36 (p = 0.01). Subjects with a movement ABC score above 17 (>98% on standardisation data) were classified as having significant coordination diYculties (n = 19). Soft sign score above 3.5 detected these cases with a sensitivity of 42% and a positive predictive value of 44%. Table 3 shows that patients with high soft sign scores performed less well on all measures of cognitive function. Total IQ scores were lower by 15 points (95% CI 8.3 to 20.7), with similar diVerences for verbal and performance scores and VMI. The Spearman correlation coefficient between total IQ and soft sign score was 0.3 (p = 0.01). Subjects with a total IQ score below 75 (<98% on standardisation data) were classified as having significant learning diYculties (n = 16). A soft sign score above 3.5 detected these cases with a sensitivity of 38% and a positive predictive value of 33%.
Results
SOFT SIGN DATA
RELATION TO MOVEMENT ABC
Number of cases
RELATION TO COGNITIVE MEASURES
RELATION TO BEHAVIOUR
Tables 4 (parents) and 5 (teachers) show median scores for five behaviours. Subjects with excess soft signs scored significantly higher on parental scales for oppositional, social, global, and ADHD problems. Spearman correlation coeYcient was 0.23 (p = 0.01), between global t score and soft sign score.
On teacher scales significant diVerences were found for social, global, and ADHD problems; cases with excess soft sign scores had higher behaviour scores. Spearman correlation coefficient was 0.17 (p = 0.05), between global t score and soft sign score.
Subjects with a teacher score above 75 for global problems (>98% on standardisation data) were classified as having significant behaviour problems (n = 16). A soft sign score above 3.5 detected these cases with a sensitivity of 25% and a positive predictive value of 25%.
Discussion
We have shown that in a cohort of mainstream school children aged between 8 and 13, those with high (>90th centile) soft sign scores performed significantly worse on tests of coordination, cognition, and behaviour. However, soft sign assessment alone was not suYciently sensitive in predicting significant problems in other areas to make this a useful clinical tool.
This study involved a large number of children. The fact that half had suVered previous MCD should not aVect the aims to establish associations between NSSs and other measures. Analysis of the controls alone showed the same relation between high soft sign scores and lower performance on the other measures. Figure 2 shows the frequency distribution for corrected soft sign scores for controls alone and is similar to fig 1. Of the 18 cases defined as having excess soft signs, 11 had previous MCD and seven were controls (p = 0.33, 2 ). The NSS battery used has been subject to reliability and longitudinal studies and has been widely used in research. 12 14 19 The Movement ABC, Wechsler Scales, VMI, and Conners' Scales are all widely used in both research and clinical practice. Testing was performed by a single research fellow, eliminating any intertester bias. Tests were performed in the same order throughout. Although the soft sign tests were administered first, the total scores were not calculated and age adjusted until after the completion of all tests. Soft sign score
Number of cases
Neurological soft signs in mainstream pupils
This study again shows the association between NSSs and age with scores being lower in older children. This supports the theory that NSSs represent a developmental phenomenon. However, following correction for age we have shown an association between high soft sign scores and poorer performance on tests of coordination, cognition, and behaviour. This supports the earlier work of many authors who hypothesised that neurological soft signs represent a fixed neurological deficit. It is likely that both developmental and neurological factors together determine the level of soft signs in an individual.
Are NSSs a useful clinical tool for paediatricians? The battery used needed minimal training and took about five minutes to perform. The two sensory tests contributed little to the overall score and could be excluded, making testing even quicker. Apart from a stopwatch, no additional equipment is needed. From a practical aspect therefore, this test is quick and easy to perform. However, how would we interpret scores in the clinical setting? From our results a child with a high soft sign score is more likely to have significant problems with coordination, cognition, and behaviour than one with a lower score. However, the test is not sensitive or specific enough in detecting children with significant problems in other areas. Although soft sign assessment may be of interest to paediatricians, it gives little information to guide further management.
Commentary-soft signs: soft neurologist
The editor has asked me to give my opinion on soft neurological signs. I understand that I need not apply the techniques of meta-analysis or any sort of evidence based medicine. Wonderful. However, he asked me to write so as to be understood by foreign readers. It is good that I write instead of speak. Before I gave a paper at a Rett syndrome meeting in Vienna I told the conference an anecdote: a paediatric neurologist from Ljubljana had told me that she only understood 50% of what I said, but I replied that this was better than in Glasgow; so, could my paper please be translated simultaneously into both German and into English.
Before his knighthood, Peter Tizard was reported to have said something to the eVect that training is for dogs, acrobats, and surgeons. Insofar as I may use that term, I had the great good fortune to do my training in paediatric neurology at the Hospital for Sick Children, Toronto. Not only that, but I had the privilege to spend the greatest part of my fellowship under the tutelage of John Steele, eponymously immortal in the SteeleRichardson-Olszewski syndrome. 1 He was and is predominantly an adult neurologistbut one who has made a substantial contribution to paediatric neurology-and one of his greatest gifts was to instil in me the importance of hard rather than soft neurological signs. As the head of that department, John Stobo Prichard emphasised the adage, 2 what's the lesion-history, where's the lesionexamination. Although the neurological examination of the child is often predominantly observational and unsystematic, 3 a major objective of the examination is localisation, and localisation comes from hard signs, not soft.
It is a great pleasure to see a paper which concludes that soft signs give paediatricians little information. Much more useful would be to enhance one's real hard neurological skills, from how to elicit tendon reflexes in a neonate
